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Abstract
The facial expression of contempt has been regarded to communicate feelings of moral superiority. Contempt is an emotion
that is closely related to disgust, but in contrast to disgust, contempt is inherently interpersonal and hierarchical. The aim of
this study was twofold. First, to investigate the hypothesis of preferential amygdala responses to contempt expressions
versus disgust. Second, to investigate whether, at a neural level, men would respond stronger to biological signals of
interpersonal superiority (e.g., contempt) than women. We performed an experiment using functional magnetic resonance
imaging (fMRI), in which participants watched facial expressions of contempt and disgust in addition to neutral expressions.
The faces were presented as distractors in an oddball task in which participants had to react to one target face. Facial
expressions of contempt and disgust activated a network of brain regions, including prefrontal areas (superior, middle and
medial prefrontal gyrus), anterior cingulate, insula, amygdala, parietal cortex, fusiform gyrus, occipital cortex, putamen and
thalamus. Contemptuous faces did not elicit stronger amygdala activation than did disgusted expressions. To limit the
number of statistical comparisons, we confined our analyses of sex differences to the frontal and temporal lobes. Men
displayed stronger brain activation than women to facial expressions of contempt in the medial frontal gyrus, inferior frontal
gyrus, and superior temporal gyrus. Conversely, women showed stronger neural responses than men to facial expressions of
disgust. In addition, the effect of stimulus sex differed for men versus women. Specifically, women showed stronger
responses to male contemptuous faces (as compared to female expressions), in the insula and middle frontal gyrus.
Contempt has been conceptualized as signaling perceived moral violations of social hierarchy, whereas disgust would signal
violations of physical purity. Thus, our results suggest a neural basis for sex differences in moral sensitivity regarding
hierarchy on the one hand and physical purity on the other.
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Introduction
Contempt and disgust are closely related emotions, that have
been considered to be ‘‘moral emotions’’. According to Rozin et
al. [1], contempt is a response to a violation of moral codes
regarding disrespect, duty or hierarchy. These codes have been
referred to as ‘‘ethics of community’’ [2]. Disgust, on the other
hand, is a response to violations of physical purity, such as food
and sex taboos. These codes have been referred to as ‘‘ethics of
divinity’’ [2]. Both emotions involve rejection, disapproval and a
degree of hostility. However, in contrast to disgust, which can
concern inanimate objects, the expression of contempt inherently
signals social, interpersonal information. In other words, it is
always directed at a person. The expression of contempt bears
upon social dominance, as it is directed downward in contrastive
comparisons [3]. Thus, if a person expresses contempt towards
another person, that person signals to regard himself as superior to
the other, indicating that this universal facial expression [4,5] may
directly be linked with positioning in the social hierarchy. Disgust,
on the other hand, can be induced by nonsocial stimuli such as
eating bad food. Disgust can also be directed at persons, but will
not bear upon the person perse, but rather on his behavior in
violating sociocultural rules regarding physical purity.
The amygdala is a key structure of the emotional brain and has
been regarded a socio-emotional relevance detector [6]. It has
recently been suggested that contempt expressions will elicit
stronger amygdala activation than disgust, due to the stronger
social component of contempt [7]. In this study, we tested this
hypothesis by using an oddball design that minimizes habituation
of amygdala responses to faces.
Our second hypothesis concerned sex differences in activation
to expressions of contempt versus disgust. The emotion of
contempt may have a functional role in marking out and
maintaining distinctions of rank and prestige [1,8]. Men have
been shown to be more sensitive than women to social dominance
and hierarchy [9]. We hypothesized that, at a neural level, men
would respond stronger to biological signals of interpersonal
superiority than women.
During scanning with fMRI, participants (N=16) viewed
pictures of faces from a standard set, depicting expressions of
contempt and disgust in addition to neutral expressions. The face
stimuli were presented in a sequence of meaningless stimuli
PLoS ONE | www.plosone.org 1 November 2008 | Volume 3 | Issue 11 | e3622
(random dot patterns) to prevent habituation of emotional brain
structures (which may not respond anymore after repeated
exposure to emotional stimuli). Thus, subjects were presented
with random dot patterns (‘‘standards’’) interspersed with target
stimuli (to which they had to react with a button press) and novel
distractors (the face stimuli which were the actual stimuli of
interest for our analyses). The standards were presented for 82% of
trials, whereas the other stimuli (target face, neutral faces,
disgusted faces and contemptuous faces) were presented for
2.33% of trials. The task for the subject was to press a response
button whenever one specific male face (the target) was presented.
This instruction ensured us that the subject paid attention to the
stimuli and allowed for an objective verification.
Results
Subjects on average identified the target correctly on 98.7% of
trials, with 1.4% of false alarms. Across all participants, facial
expressions of contempt and disgust (relative to random dot patterns)
activated a network of brain regions that included prefrontal areas
(superior, middle and medial prefrontal gyrus), anterior cingulate,
insula, amygdala, parietal cortex, fusiform gyrus, occipital cortex and
putamen and thalamus. Neutral expressions also activated these
areas, with exception of insula and cingulate/prefrontal areas. The
different types of expressions did not differ in terms of amygdala
activation, which was robust and bilateral (see figure 1 for the shared
amygdala activation during contempt and disgust as revealed by a
conjunction analysis). The amygdala activation also survived a higher
threshold of k= 20 and FDR correction (at P,0.001). Because of the
strong a priori hypothesis regarding preferential amygdala activation
for contempt, we conducted an additional analysis in which we
lowered the threshold to a liberal value of P=0.005, uncorrected.
Contrary to the hypothesis, the contrast of contempt versus disgust
yielded significant stronger amygdala activation for disgust relative to
contempt, 7 voxels, peak t-value 4.06, peak coordinates 31,23,211.
When men and women were contrasted in a group comparison,
a striking difference emerged in activation to contemptuous faces,
which was much stronger in men than in women. Contemptuous
facial expressions elicited stronger activation in men than in
women across a range of brain regions, including the medial
frontal gyrus and caudate, left superior temporal gyrus, left inferior
frontal gyrus, left superior and inferior parietal lobule, right
superior and middle occipital gyrus, and right precuneus.
Conversely, for disgusted faces, activation was much stronger in
women than in men. This was the case for a large number of
clusters, with the most prominent differences in the medial and
superior frontal gyrus, right precentral gyrus, left cuneus, right
subgyral cortex, right superior temporal gyrus, and bilateral
parahippocampal gyrus, insula and thalamus. Table 1 provides
coordinates, peak t-values and cluster sizes for differentially
activated regions in men compared to women for facial
expressions of contempt and disgust, respectively (relative to
standards). Figure 2 illustrates several regions that activated
differentially for men and women during contempt and disgust
perception, respectively.
We also performed a direct contrast of activation during
perception of contemptuous versus disgusted faces. Regions that
were more active in men than in women concerned the left
superior and middle frontal gyrus, the right inferior and middle
frontal gyrus, the right superior temporal gyrus and inferior
parietal lobe, the right precuneus, the left precentral gyrus and the
cingulate gyrus (see table 2). A region-of-interest analysis of the
activated regions that differentiated between men and women
revealed a significant positive correlation between activation of the
left superior frontal gyrus and ratings on the Social Dominance
Orientation Scale [10], r = 0.51, p = 0.05 (see figure 3).
Table 3 shows sex differences in activation to male versus female
faces. This analysis primarily showed that, for women, contemp-
tuous male faces elicited more brain activation, with significant
clusters in the insula, bilaterally, and right middle frontal gyrus.
For disgust, men displayed more activation to male as compared to
female faces in the left claustrum/insula.
The target, i.e. the neutral face the subject reacted to with a
button press during the oddball task, activated (relative to neutral
distractors) bilateral superior frontal gyrus, left anterior cingulate
gyrus and medial prefrontal cortex, right superior parietal lobule,
Figure 1. Bilateral activation of amygdala during perception of
contempt and disgust expressions (shared activation; conjunc-
tion analysis).
doi:10.1371/journal.pone.0003622.g001
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right middle and superior temporal gyrus, right precentral and
postcentral gyrus and right occipital cortex. There were no strong
sex differences in response to the target face, with three small
regions more activated in women (right prefrontal, precentral
gyrus and left posterior parietal).
Discussion
The aim of this study was to investigate the neural correlates of
perceiving facial expressions of contempt and disgust, with a
particular interest in sex differences. Specifically we assessed (1)
whether the amygdala would be preferentially activated in response
to facial expressions of contempt, (2) whether men would show
stronger activation than women for expressions of contempt, but not
of disgust, and (3) whether there would be gender differences in
perceiving same-sex versus opposite-sex contemptuous faces. We
used an oddball paradigm, in which participants reacted to a neutral
target face, but were also forced to pay attention to the distractor
faces with expressions of contempt and disgust. In this way, we could
study automatic activation to these emotional expressions without
requiring conscious evaluative processing of the particular emotions.
The activation of dorsal parietal, cingulate and prefrontal cortices to
the target is consistent with previous oddball studies using fMRI
[11,12]. Our primary interest, however, concerned the expressions
of contempt and disgust.
Key areas that were activated during perception of contemptuous
and disgusted faces included prefrontal areas, anterior cingulate,
insula, amygdala, parietal cortex, fusiform gyrus, putamen and
thalamus. Whereas cognitive tasks with emotional stimuli tend to
activate the left amygdala [13], our attentional viewing task yielded
robust bilateral amygdala activation. The only previous fMRI study
of expressions of contempt and disgust [7] also reported activation
of amygdala, anterior cingulate and putamen for contempt and
amygdala, insula, and prefrontal areas for disgust. However, in that
study contempt was only contrasted with facial expressions of
disgust and with neutral faces. A limitation of this approach is that
neutral faces also activate emotional brain regions, notably the
amygdala, superior temporal cortex, fusiform gyrus and inferior
prefrontal areas [14,15]. Our approach of contrasting the face
stimuli with the standards (random dot patterns) warrants higher
sensitivity in evaluating neural responses to faces, which are socio-
emotional stimuli by definition.
In contrast to Sambataro et al. [7], we did not find stronger
amygdala activation to comtemptuous faces than to disgusted
faces. Although we used the same stimulus set, this difference
could be due to other differences in the task and study design.
Whereas our task only required attention to the faces, the task used
by Sambataro et al. required a gender judgment, and thus an
explicit evaluation of each face. Lange et al. [16] reported stronger
limbic activation to passive viewing of emotional facial expressions
as compared to a gender-decision task. Winston et al. [17] found
amygdala activation to be strongest for high intensity emotional
expressions. The disgust expressions we used are typically rated by
subjects to have a higher intensity than the contempt expressions
[7], which may explain the stronger amygdala activation for
disgust we observed at a liberal threshold. The lack of amygdala
activation for disgust expressions in the study by Sambataro et al.
[7] may be due to subtracting from other face conditions and to
habituation of the amygdala in the block design with repetitive
presentation of only face-stimuli. The fact that they did find some
amygdala activation for contempt expressions relative to disgust
might be explained by a novelty-effect, as the contempt expression
is much less common than disgust [5].
We observed a marked dissociation between men and women in
activation patterns to contempt and disgust expressions. Stronger
activation in women as compared to men for disgust expressions
Table 1. Brain regions that were significantly more active in men than women (first part of table) or more active in women than
men (second part) for emotional expressions of contempt or disgust (relative to standards; columns indicate hemisphere, talairach
coordinates [x, y, z], peak t-value and number of active voxels in the cluster).
men.women Contempt Disgust
x y z t voxels x y z t voxels
Inferior Frontal Gyrus L 245 2 31 5,67 71
Medial Frontal Gyrus R 24 35 22 5,20 17
L 212 26 28 4,82 21
Superior Temporal Gyrus L 251 2 1 4,98 26
women.men Contempt Disgust
x y z t voxels x y z t voxels
Inferior Frontal Gyrus L 236 17 214 3,46 10
Medial Frontal Gyrus L 212 50 4 4,48 14
Middle Frontal Gyrus L 233 8 56 4,42 12
Precentral Gyrus R 36 228 58 4,29 14
Superior Frontal Gyrus R 6 62 28 4,64 98
R 18 29 53 5,81 48
Superior Temporal Gyrus R 60 213 22 3,90 13
Parahippocampal Gyrus R 21 255 22 6,10 14
L 221 234 22 4,60 21
Insula R 30 228 13 3,13
L 230 216 25 4,06 46
doi:10.1371/journal.pone.0003622.t001
Brain Response to Contempt
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corroborates and extends previous findings from an fMRI study
using disgusting stimuli [18]. Whereas Caseras et al. [18] used
pictures of disgusting scenes (taken from the International Affective
Picture System), we used facial expressions of disgust. Our finding
of stronger activation in men for contempt expressions is novel,
however. As contempt signals superiority and interpersonal
hierarchy, our results may imply a neural basis for higher
sensitivity to such signals in men than in women. Indeed, a body
of research in the social sciences has found men in general to be
Figure 2. Brain regions activated stronger in men than in
women (blue color) or stronger in women than in men (orange
color) in response to emotional expressions of contempt
(above) or disgust (below).
doi:10.1371/journal.pone.0003622.g002
Table 2. Brain regions that were significantly more active in
men than women (there were no areas more active in women
than men) for the contrast of contempt versus disgust
(talaraich coordinates, peak t-value and number of active
voxels in the cluster).
men.women x y z t voxels
Superior Temporal Gyrus R 62 29 3 4.69 27
Inferior Frontal Gyrus R 43 8 32 4.96 64
Middle Frontal Gyrus R 28 1 56 4.99 57
Middle Frontal Gyrus R 29 52 19 4.93 69
Cingulate Gyrus R 7 30 26 4.38 10
Middle Frontal Gyrus L 213 29 59 5.26 15
Medial Frontal Gyrus L 213 6 55 3.72 19
Superior Frontal Gyrus L 215 63 19 4.61 24
Precentral Gyrus L 227 214 58 4.03 23
Middle Frontal Gyrus L 227 42 34 6.48 20
Precentral Gyrus L 240 212 35 5.56 176
Superior Temporal Gyrus L 256 23 4 3.94 27
doi:10.1371/journal.pone.0003622.t002
Figure 3. Brain regions activated stronger in men than in
women for the contrast of contempt – disgust (there were no
regions that were activated stronger in women for this
contrast). Activation in the left superior frontal gyrus was associated
with scores on the Social Dominance Orientation scale.
doi:10.1371/journal.pone.0003622.g003
Table 3. Brain regions that were significantly more active in
men and in women, respectively, for male faces denoting
disgust or contempt (as compared to female faces denoting
the same emotion).
x y z t voxels
male: disgust male- female
Claustrum/insula L 227 17 24 7,05 12
female: contempt male- female
middle frontal gyrus R 28 37 30 6,17 13
insula L 247 223 23 8,01 36
insula R 31 19 5 6,37 15
Contrasts that are not mentioned in the table did not show significant
activation differences.
doi:10.1371/journal.pone.0003622.t003
Brain Response to Contempt
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more competitive than women and more sensitive to issues of
social and hierarchical ranking [9,19–21]. Thus, our finding may
parallel the results of an fMRI study in which stronger neural
responses were observed in men to scenes of violence and
aggression [22].
As to the areas that were activated stronger in men than in women
during perception of contemptuous faces, a number of regions has
been implicated in emotion processing before. For example,
involvement of lateral prefrontal cortex has been implied in emotion
regulation [23,24]. Interestingly, a recent study reported men to
activate superior and middle frontal cortex more than women during
successful encoding of neutral faces [25]. Our intepretation that the
stronger activation in men than women to contempt may reflect
higher sensitivity in men to facial expressions denoting social
hierarchy is consistent with previous neuroimaging studies that
showed a stronger activation in men relative to women in both medial
and inferior frontal gyri [26], as well as occipital areas [26,27] when
viewing pictures from categories to which men are generally more
sensitive than women (sports, erotica). Activation of the left medial
prefrontal cortex has been reported for socio-normative moral
judgments relative to grammatical judgments [28], although the
activated area was more ventral than the medial prefrontal area in
our study.With regard to the caudate, Shirao et al. [29] observed that
it was activated stronger in women while perceiving unpleasant
linguistic stimuli concerning interpersonal relationships. Our finding
of stronger activation in men while perceiving facial expressions of
contempt may reflect a visuospatial and hierarchical counterpart of
women’s sensitivity to verbal expressions of interpersonal conflict.
Our finding of a correlation between activation of the left
superior frontal gyrus and ratings on the Social Dominance
Orientation Scale is of considerable interest. This area has been
shown to activate in previous fMRI studies in response to aversive
facial expressions [30] and, also using an oddball paradigm, to sad
pictures, including facial expressions or scenes of humans crying
[11]. In addition, the superior frontal gyrus has been implicated in
the explicit evaluation of facial emotional expressions [31], but has
also in emotion regulation [32]. Thus, a higher sensitivity in men
for faces expressing contempt could induce stronger emotion
regulation efforts, mediated by the superior frontal gyrus.
Notably, stimulus sex had different effects on activation patterns
in women and men. Specifically, women showed stronger
activation of insula and middle frontal gyrus to male expressions
of contempt (as compared to female expressions). Thus, women
activate regions that have been associated with processing of
aversive stimuli [18]. The stronger reaction in women to male
than to female expressions of contempt may have relevance for
understanding gender differences in relationships. Expression of
contempt has been shown to play a role in conflict in romantic
relationships [33], and gender-specific reactions to other-sex
contempt expressions may ultimately shed more light on processes
that might underlie appraisals of the others’ affective state and
intentions in relationships [34]. On the basis of the dominance
model and intra-sexual competition, it could be hypothesized that
men should react especially strongly to contempt on a male face.
However, we did not find evidence for this.
Both men and women searched for a male target face. A
possible interpretation of our findings of strong sex differences in
brain activation could be that men and women simply use different
strategies to perform the target detection task. Indeed, it could be
argued that for men, the task to search for a male face elicits
different neural activity than for women that search for a male
face. However, the direct comparison of men and women on
activation for the targets does not support this as an alternative
explanation for our findings regarding contempt and disgust.
In conclusion, we found evidence of a stronger brain activation
in men compared to women in response to faces denoting
interpersonal superiority. The fact that men have been shown to
have significantly higher social dominance scores than women
even after controlling for demographic, and situational factors
such as age, social class, religion, educational level, political
ideology, ethnicity, racism, region of national origin, and gender-
role relevant opinion [9], suggests a universal biological basis. At a
more individual level, dominance has been related to testosterone
levels [35]. Our study was also confined to stimuli representing
individuals (rather than social groups). As sensitivity to interper-
sonal and intergroup dominance may share underlying mecha-
nisms, our findings may be a first step towards a neural basis for
sex differences in sensitivity to social hierarchy and dominance.
Materials and Methods
Sixteen healthy subjects (8 men, 8 women) participated in the
study after providing written informed consent. Approval was
obtained from the institutional ethics board, METC UMCG, for
the use of human participants in this study.Mean age was 22.5 years
(SD=2.5). Subjects confirmed that they did not have a history of
seeking or receiving treatment for any neurological or psychiatric
disorder. Men and women did not differ on positive and negative
affect as measured with the Positive and Negative Affect Scale [36].
Task
Participants viewed pictures of faces from a standard set [37],
depicting expressions of contempt and disgust in addition to
neutral expressions. Matsumoto and Ekman [13] demonstrated
that subjects reliably associated the contempt expressions in this set
with situations that elicit contempt. Disgust was included as a
control emotional expression in our study because it is concep-
tually close to contempt [1] and it is the emotion subjects most
often confound contempt with [5]. In contrast to contempt,
however, disgust is not by definition inherently interpersonal and it
is not by definition related to social hierachy. Therefore, we
selected disgust as the ideal comparison emotional expression.
The task was analogous to the visual oddbal task described by
Wang et al. [11], who reported activation of emotional brain areas
using such a design with affective pictures. The task was scanned in an
event-related design in which the face-stimuli were presented in a
pseudo-random fashion (figure 4). The pictures of the emotional faces
were presented along with neutral faces as intermittent task-irrelevant
distractors during a concurrent visual oddbal task. Faces were shown
for 1.9 s. The subjects were presented with random dot patterns
created using the face stimuli (‘‘standards’’) interspersed with target
stimuli (to which they had to react with a button press) and novel
distractors (the actual stimuli of interest for our analyses). Thus, the
novel distractors consisted of faces expressing disgust or contempt, or
neutral faces. The standards were presented for 82% of trials,
whereas the other stimuli (target, neutral faces, emotional faces) were
presented for 2.33% of trials. There were 9, 10 or 11 standards after
each face presentation (this was randomized). The use of standards in
an visual odd-ball task may help prevent emotional brain areas from
habituating to emotional stimuli. The task for the subject was to press
a response button whenever one specific male face (the target) was
presented. In each run there were also three short fixation blocks
(8.77% of trials), providing a resting state in which the subject looked
at a fixation cross presented in the center of the screen.
fMRI procedure
The six conditions were presented in three runs (370 stimuli
each) in a pseudorandomized design. A 3 T Philips system (Best,
Brain Response to Contempt
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The Netherlands) with a sense-8 head coil was used to acquire
both T1 anatomical volume images (2566256 matrix, 160 slices,
voxel size 161 mm; slice thickness 2 mm) and T2* weighted
echoplanar images with blood oxygenation level-dependent
(BOLD) contrast (64664 matrix, voxel size 3.563.5 mm,
TR=1900 ms, TE= 30 ms, Field of View 224). Each echoplanar
image comprised 30 slices (3.5 mm; no gap), positioned to cover
the whole brain.
fMRI Analysis
Data were preprocessed and analyzed using the Brainvoyager
QX 1.7 software package (Brain Innovation, Maastricht, the
Netherlands). Image preprocessing included: 3D motion correc-
tion, slice scan time correction using linear interpolation, spatial
smooting with a 6 mm full with at half minimum Gaussian kernel,
removal of linear trends, and high pass filter of frequencies below 3
cycles per time course. Spatial normalization was performed using
the standard 9-parameter landmark method of Talairach and
Tournoux [38].
A general linear model [39] was defined for each subject that
included five regressors (target, disgust, contempt, neutral, fillers)
which modeled the BOLD response to the epochs following the
different stimuli. Each regressor was convolved with a standard
gamma model [40] of the hemodynamic impulse-response
function. Task-related activity was estimated at a group level
using contrasts (e.g. contempt versus fillers or contempt versus
disgust) in random effects analyses as implemented in Brainvoya-
ger QX 1.7, thresholded at P,0.001, uncorrected, with a cluster
threshold of 10 voxels (cf. ref. 41). To evaluate the robustness of
amygdala activation, a conjunction analysis of both emotional
facial expressions (contempt and disgust) relative to standards was
conducted, as implemented in BrainVoyager. In this conjunction
analysis, an effect is considered significant only if all the involved
contrasts are simultaneously significant. For the (second-level)
comparison of men versus women, statistical maps were
thresholded for significance P,0.01, uncorrected, and cluster size
$10 voxels. Similar thresholds have previously been used in fMRI
investigations of sex differences in neural activation [42,43]. We
limited our analyses to regions in the frontal and temporal lobes, as
these have been shown to be most relevant to emotional and social
processing [44]. In this way, we reduced the number of statistical
comparisons.
To investigate whether sex differences in brain activation would
be associated with social dominance scores, we defined functional
regions-of-interest (ROI’s) based on the activated regions that
differentiated between men and women in the contempt vs. disgust
contrast. Mean b-values were correlated to scores on the Social
Dominance Orientation Scale [10].
Acknowledgments
We thank Christian Keysers and Remco Renken for helpful discussions
and Anita Kuiper for assistance with MRI scanning.
Author Contributions
Conceived and designed the experiments: AA. Performed the experiments:
MS. Analyzed the data: AA MS. Wrote the paper: AA MS.
References
1. Rozin P, Lowery L, Imada S, Haidt J (1999) The CAD triad hypothesis: A
mapping between three moral emotions (contempt, anger, disgust) and three
moral codes (community, autonomy, divinity). J Pers Soc Psychol 76: 574–586.
2. Schweder RJ, Much NC, Mahapatra M, Park L (1997) The ‘‘Big Three’’ of
morality (autonomy, community, divinity), and the ‘‘Big Three’’ explanations of
suffering. New York: Routledge.
3. Haidt J (2002) The moral emotions. In Davidson RJ, Scherer KR, Hill
Goldsmith H, eds. Handbook of affective sciences. Oxford: Oxford University
Press. pp 852–871.
4. Ekman P (2003) Emotions revealed. New York: Times Books.
5. Matsumoto D, Ekman P (2004) The relationship among expressions, labels, and
descriptions of contempt. J Pers Soc Psychol 87: 529–540.
Figure 4. Presentation of stimuli in the visual oddball task with emotional faces as distractors and random dot patterns as
standards. All stimuli (faces and standards) were presented for 1.9 s. There were 9, 10 or 11 standards after each face presentation (this was
randomized). Total duration of the task was approximately 35 min.
doi:10.1371/journal.pone.0003622.g004
Brain Response to Contempt
PLoS ONE | www.plosone.org 6 November 2008 | Volume 3 | Issue 11 | e3622
6. Sander D, Grafman J, Zalla T (2003) The human amygdala: an evolved system
for relevance detection. Rev Neurosci 14: 303–16.
7. Sambataro F, Dimalta S, Di Giorgio A, Taurisano P, Blasi G, et al. (2006)
Preferential responses in amygdala and insula during presentation of facial
contempt and disgust. Eur J Neurosci 24: 2355–62.
8. Miller WI (1997) The anatomy of disgust. Cambridge (MA): Harvard University
Press.
9. Sidanius J, Pratto F, Bobo L (1994) Social-dominance orientation and the
political psychology of gender – a case of invariance? J Pers Soc Psychol 67:
998–1011.
10. Pratto F, Sidanius J, Stallworth LM, Malle BF (1994) Social Dominance
Orientation: a personality variable predicting social and political attitudes. J Pers
Soc Psychol 67: 741–763.
11. Wang L, McCarthy G, Song AW, Labar KS (2005) Amygdala activation to sad
pictures during high-field (4 tesla) functional magnetic resonance imaging.
Emotion 5: 12–22.
12. Yamasaki H, LaBar KS, McCarthy G (2002) Dissociable prefrontal brain
systems for attention and emotion. Proc Natl Acad Sci U S A 99: 11447–51.
13. Baas D, Aleman A, Kahn RS (2004) Lateralization of amygdala activation: a
systematic review of functional neuroimaging studies. Brain Res Rev 45: 96–103.
14. Kesler-West ML, Andersen AH, Smith CD, Avison MJ, Davis CE, et al. (2001)
Neural substrates of facial emotion processing using fMRI. Cogn Brain Res 11:
213–226.
15. Ishai A, Schmidt CF, Boesiger P (2005) Face perception is mediated by a
distributed cortical network. Brain Res Bull 67(1–2): 87–93.
16. Lange K, Williams LM, Young AW, Bullmore ET, Brammer MJ, et al. (2003)
Task instructions modulate neural responses to fearful facial expressions. Biol
Psychiatry 53: 226–32.
17. Winston JS, O’Doherty J, Dolan RJ (2003) Common and distinct neural
responses during direct and incidental processing of multiple facial emotions.
Neuroimage 20: 84–97.
18. Caseras X, Mataix-Cols D, An SK, Lawrence NS, Speckens A, et al. (2007) Sex
differences in neural responses to disgusting visual stimuli: implications for
disgust-related psychiatric disorders. Biol Psychiatry 62: 464–471.
19. Niederle M, Vesterlund L (2007) Do women shy away from competition? Do
men compete too much? Q J Econom 122: 1067–1101.
20. Van Vugt M, De Cremer D, Janssen DP (2007) Gender differences in
cooperation and competition - The male-warrior hypothesis. Psychol Sci 18:
19–23.
21. Houston JM, Harris PB, Moore R, Brummett R, Kametani H (2005)
Competitiveness among Japanese, Chinese, and American undergraduate
students. Psychol Rep 97: 205–212.
22. Schienle A, Scha¨fer A, Stark R, Walter B, Vaitl D (2005) Gender differences in
the processing of disgust- and fear-inducing pictures: an fMRI study.
Neuroreport 28;16: 277–80.
23. Phillips ML, Drevets WC, Rauch SL, Lane R (2003) Neurobiology of emotion
perception I: The neural basis of normal emotion perception. Biol Psychiatry 54:
504–514.
24. Ochsner KN, Gross JJ (2005) The cognitive control of emotion. Trends Cogn
Sci 9: 242–249.
25. Fischer H, Sandblom J, Nyberg L, Herlitz A, Ba¨ckman L (2007) Brain activation
while forming memories of fearful and neutral faces in women and men.
Emotion 7: 767–73.
26. Wrase J, Klein S, Gruesser SM, Hermann D, Flor H, et al. (2003) Gender
differences in the processing of standardized emotional visual stimuli in humans:
an fMRI study. Neurosci Lett 348: 41–45.
27. Sabatinelli D, Flaisch T, Bradley MM, Fitzsimmons JR, Lang PJ (2004) Affective
picture perception: gender differences in visual cortex. Neuroreport 15:
1109–1112.
28. Prehn K, Wartenburger I, Me´riau K, Scheibe C, Goodenough OR, et al. (2008)
Individual differences in moral judgment competence influence neural correlates
of socio-normative judgments. Soc Cogn Affect Neurosci (in press).
29. Shirao N, Okamoto Y, Okada G, Ueda K, Yamawaki S (2005) Gender
differences in brain activity toward unpleasant linguistic stimuli concerning
interpersonal relationships: an fMRI study. Eur Arch Psychiatry Clin Neurosci
255: 327–33.
30. LaBar KS, Crupain MJ, Voyvodic JT, McCarthy G (2003) Dynamic perception
of facial affect and identity in the human brain. Cereb Cortex 13: 1023–1033.
31. Scheuerecker J, Frodl T, Koutsouleris N, Zetzsche T, Wiesmann M, et al. (2007)
Cerebral differences in explicit and implicit emotional processing–an fMRI
study. Neuropsychobiology 2;56: 32–39.
32. Kano M, Fukudo S, Gyoba J, Kamachi M, Tagawa M, et al. (2003) Specific
brain processing of facial expressions in people with alexithymia: an H2 15O-
PET study. Brain 126: 1474–1484.
33. Gottman J, Woodin E, Levenson R (2001) Facial expressions during marital
conflict. J Fam Comm 1: 37–57.
34. Whitey JB (2008) The role of appraisal distortion, contempt, and morality in
couple conflict: a grounded theory. J Marit Fam Therap 34: 44–57.
35. Mazur A, Booth A (1998) Testosterone and dominance in men. Behav Brain Sci
21: 353–363.
36. Watson D, Clark LA, Tellegen A (1988) Development and validation of brief
measures of positive and negative affect: the PANAS scales. J Pers Soc Psychol
54: 1063–1070.
37. Matsumoto D, Ekman P (1988) Japanese and Caucasian Facial Expressions of
Emotion and Neutral Faces (JACFEE and JACNeuF). (available from www.
paulekman.com).
38. Talairach J, Tournoux P (1988) A coplanar stereotactic atlas of the human brain.
Stuttgart: Thieme Verlag.
39. Friston KJ, Holmes AP, Poline JB, Grasby PJ, Williams SC, et al. (1995) Analysis
of fMRI time-series revisited. Neuroimage 2: 45–53.
40. Boynton GM, Engel SA, Glover GH, Heeger DJ (1996) Linear systems analysis
of functional magnetic resonance imaging in human V1. J Neurosci 16:
4207–4221.
41. Forman SD, Cohen JD, Fitzgerald M, Eddy WF, Mintun MA, et al. (1995)
Improved assessment of significant activation in functional magnetic resonance
imaging (fMRI): use of a cluster-size threshold. Magn Res Med 33: 636–647.
42. Lissek S, Hausmann M, Knossalla F, Peters S, Nicolas V, et al. (2007) Sex
differences in cortical and subcortical recruitment during simple and complex
motor control: an fMRI study. Neuroimage 37: 912–926.
43. Hofer A, Siedentopf CM, Ischebeck A, Rettenbacher MA, Verius M, et al.
(2006) Sex differences in brain activation patterns during processing of positively
and negatively valenced emotional words. Psychol Med 37: 109–119.
44. Adolphs R (2003) Cognitive neuroscience of human social behaviour. Nat Rev
Neurosci 4: 165–178.
Brain Response to Contempt
PLoS ONE | www.plosone.org 7 November 2008 | Volume 3 | Issue 11 | e3622
